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VARIATION IN EXTENT OF TOE DEFECT 
Figure 1 
A—A bird showing ungual osteodystrophy on both feet but limited to digit III. B-—-Ungual ' 
osteodystrophy expressed in digits II, III and IV. The nails. are in some instances misplaced 
and attached to the side of the toe. 
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INHERITANCE OF UNGUAL 
OSTEODYSTROPHY IN THE FOWL 


D. C. WARREN 
Department of Poultry Husbandry, Kansas State College, Manhattan, Kansas* 


C. D. MUELLER AND F. B. Hutt 
Department of Poultry Husbandry, Cornell University, Ithaca, New. Yorkt 


1939 among the birds carried for 

genetic studies at Cornell Univer- 
sity and Kansas State College. The data 
cbtained at the two institutions have been 
combined for this publication. It is not 
to be implied that the appearance of the 
trait at the two institutions constitutes 
simultaneous mutations, for it seems 
more probable that each case was a 
chance observation of the segregation of 
a pre-existing recessive gene. 


[15 character was first noted in 


Description 


The expression of ungual osteodystro- 
phy is quite variable. In the minimum 
expression of this abnormality one or 
more of the nails point at an angle from 
the median line of the toe, or an incon- 
spicuous cartilaginous spur appears be- 
side the nail on one or more toes. The 
most extreme cases noted were of two 
birds all of whose digits showed some 
degree of defectiveness. The most com- 
mon variation was that in which the un- 
gual phalanx was absent, shortened, or 
distorted on the middle toe (Digit IIT) 
of one or both feet. This condition was 
frequently accompanied by defects in 
other toes as well. The expression of 
the character was similar in stocks car- 
ried independently at the two institu- 
tions. Since the toenails may become de- 
formed or worn off in later life, the day- 
old-chick stage is probably the most de- 
pendable age at which to identify the 
character. 

Distribution among different digits. 
The data on the incidence of defective 
toenails in 112 birds, as given in Table 


III) is affected more often than all the 
other toes taken together. The data in 
Table I are self-explanatory as far as - 
the unilateral occurrence of the abnor- 
mality is concerned, but require a note 
of interpretation in the case of birds with - 
both feet affected. There were nine 
birds with the nail lacking on D III of 
Loth feet, and four with the nail present 
but abnormal on both feet, neither class 
showing any other abnormality. In six 
birds the nail of D III was bilaterally 
absent, and, in addition, other toes had 
nails lacking or abnormal. In seven 
birds, the nail of D III was present on 
both feet, but abnormal, together with 
defects in the nails of other digits. 

Considering that 34 birds had abnor- 
malities on both feet and 78 had them on 
one foot only, there were altogether 
among these 112 birds 146 feet that 
showed some degree of abnormality. In 
111 of these, or 76 per cent, D III was 
affected. 

Furthermore, on these 146 feet there 
were 168 toes that showed some degree 
of the abnormality. The nail was lack- 
ing in 111, or 65 per cent, and short, 
crooked, or otherwise defective in the 
remaining 35 per cent. Apparently the 
mutation causes elimination of a terminal 
phalanx more often than some lesser ab- 
normality, but the possibility remains 
that there may be “normal overlaps,” 
1.e., birds showing no abnormality what- 
ever, though having the genotype that 
usually causes some manifestation of the 
condition. 

It is perhaps desirable to point out 
that, although the abnormality appears 
to consist of missing, defective, or ab- 


I show clearly that the middle toe (D 


*Contribution No. 161 from the Department of Poultry Husbandry, Kansas State College. 
+No. 19 in the series by F. B. Hutt, entitled “Genetics of the Fowl.” 
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ONE FOOT AFFECTED 
Figure 2 
Ungual osteodystrophy exhibited in digit III of the right foot only. Although there is 
considerable variability in expression of this character, it is the long middle toe which most 
frequently shows the missing or defective toenail. 


normal toes, it is not a true anonychia, 
but rather a defect of the skeleton. In 
other words, the abnormality is not in 
the keratinous nails which clothe the 
terminal phalanges but in the bones 
themselves, and hence the designation, 
ungual osteodystrophy. 

This condition is not to be confused 
with avian brachydactyly* * in which the 
outermost toe (D IV) is reduced in 
length and in homozygotes has usually 
no nail or only a very small one.® It is 
more comparable to the condition in 
man which MacArthur and McCullough® 
designate as “apical dystrophy,” but in 
the latter the ‘reduction of distal pha- 
langes is more extreme. 

Relation to sex. Of 298 chicks with 
abnormal nails, which were sexed, 152 
were males, 146 were females. Because 
manifestation of the mutation is appar- 
ently unaffected by sex, either in expres- 
sion or transmission, males and females 
are not considered separately in the 
classifications given in the accompany- 
ing tables. 


Symmetry. In hereditary polydactyly, 
an abnormality in the fowl affecting only 
the inner toe, it was shown by Bond!? 
that the left foot is affected more often 
than the right one. There was no evi- 
dence of this tendency in the defective 
toenail stock at Cornell, but the Kansas 
stock showed a slightly higher incidence 
of the expression of the character in the 
left foot. Among 227 birds classified in 
detail, the distribution of abnormalities 
was as follows: 


Cornell Kansas 
On both feet 34 64 
On the right foot only 40 19 
On the left foot only 38 32 
Total 


Genetic Behavior 


The data in Table II show clearly that 
the genetic behavior of ungual osteodys- 
trophy cannot be explained on a simple 
unifactorial basis. From the results of 
matings of defective by normal an un- 
usual situation is to be observed regard- 
ing dominance. There is a preponder- 
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ance of normals in the F; generation, 
but in every one of the six matings of 
the type listed, some defectives were ob- 
served. It might be held that the sup- 
posedly unrelated normal stocks were 
not free of the factor. It is true, how- 
ever, that most of the normal stocks 
were purebreds (White Leghorn, New 
Hampshire and White Wyandotte) in 
which the character had not been previ- 
ously observed. The F; generation pro- 
duced at Cornell showed a slightly high- 
er incidence of defective than did the 
same generation of the Kansas stock. 
The one ratio of nine defectives to eight 
normals (Cornell data) is so divergent 
from other listed ratios as to indicate 
that the supposedly normal female (a 
New Hampshire) may have carried a 
gene for the defect. The difference in 
proportion of defectives in the two stocks 
may be due to the classifications being 
made by different observers at the two 
institutions and to the variability in ex- 
pression of the character. Reciprocal 
matings of defectives by normals provid- 
ed no evidence for sex-linked factors be- 
ing involved. 

Matings of defective by defective pro- 
duced only about 50 per cent defectives 
among the offspring produced at each 
institution. If this character were due 
to a simple recessive which occasionally 
expressed itself in the F, generation, 
only defectives would have been expect- 
ed from the mating of defective by de- 
fective. 

A number of hypotheses might be of- 
fered to explain the irregular genetic be- 
havior. The appearance of the character 
in some individuals of the F; genera- 
tion and the failure to breed true when 
defectives are mated together, suggests 
a multiple dominant situation, in which 
more than one dominant gene is neces- 
sary to produce the character. The pro- 
portion of defectives in the various mat- 
ings is too low to fit the hypothesis of 
two dominant factors for defective toe- 
nails, each dominant factor being neces- 
sary to produce the character. The si- 
multaneous action of more than two 
dominant factors is required to explain 
the low proportion of defectives in the 
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matings listed. In view of the difficulty 
of inbreeding the fowl to the degree nec- 
essary to bring about homozygosity for 
so many factors, such an hypothesis is 
difficult to establish. 

An interpretation involving a multiple- 
recessive-factor situation is untenable be- 
cause of the failure of defective by de- 
fective matings to breed true, unless one 
assumes a case of very low penetrance. 
Under such an hypothesis there would 
yet remain unexplained the appearance 
of defectives in the F, generation. 

A lethal dominant situation might be 
Eroposed, in view of the fact that the 


‘ character appears occasionally in the Fy 


generation, but the excellent hatches ob- 
tained from matings of defectives by de- 
fectives fail to lend any support to this 
view. 

Evidence that there are probably sev- 
eral genes necessary for manifestation of 
the character, some of them perhaps act- 
ing as modifiers, is provided by the fol- 
lowing divergent ratios resulting when 
one affected male was mated at Cornell 
with several different classes of females: 
Progeny Affected 
number Per cent 

11 91 


1. X affected 2 2 


2. X mother, normal 18 67 
3. X 12 related 9 9, 

all normal 119 28 
4. < 4 unrelated 2 9, 

all normal 39 8 
5. & one unrelated 9, normal 17 53 


Comparison of the data for Classes 2 
and 3 above (which are not given in 
Table II) with the figures in Table II 
shows: (1) that the normal mother 
yielded a higher proportion of affected 
progeny than. did the combined matings 
of affected birds inter se;and (2) that 
females normal in phenotype but related 
to the male with defective nails: yielded 
a higher proportion of affected progeny 
than did unrelated females. Both of 
these facts indicate that genes affecting 
the manifestation of ungual osteodystro- 
phy were present in the normal birds re- 
lated to the male. That similar genes 
may occur in unrelated stock is shown 
by the single female in Class 5, whose 
progeny contained eight normal and nine 
affected individuals. 


358 


_ Linkage tests. Because this character 
does not segregate sharply in clearly-cut 
Mendelian ratios, it is not likely to be 
used much in tests for linkage. It hap- 
pened that some of the matings at Cor- 
rell showed the condition to be indepen- 
dent of three mutations commonly used 
in linkage tests, two of which are in the 
six linkage groups thus far established 
for this species. These were crest, muffs, 
and duplex comb. The segregations in 
backcrosses were as follows: 


Parental New 

combinations combinations 
Tests with Crest 38 31 
“Duplex Comb 31 24 


These tests show no evidence of linkage. 


Summary 


Ungual osteodystrophy was observed 
in birds at both Cornell University and 
Kansas State College. The abnormality 
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is expressed in the loss of the toenails 
and terminal phalanges, and digit III is 
more frequently affected than any other. 
A small percentage of the F; generation 
individuals shows the character but mat- 
ings of defective by defective produce 
only about 50 per cent defectives. It ap- 
pears that ungual osteodystrophy is due 
to a complicated multiple factor situation 
not fully analyzed. 
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TABLE I. Dis:ribution of abzormalities of the nai!s in 112 affected birds at Cornell. 
Abnormalities on: 
Both feet Right foot only Left foot only 
Affected Nails Nails Nails Nails Nails Nails 
toe lacking abnormal lacking abnormal lacking abnormal 
Number Number Number Number Number Number 
D 1 only 5 3 
D I and others 1 1 1 1 1 
D II only 1 2 2 
D II and others 1 1* 
D III only 9 4 15 15 i2 13 
D III and others 6 7 1 Aa 1 
D IV only fe 1 3 2 2 il 
D IV and others 1 
Total 1 24 17 
*Counted twice; deducted from total for column. 
TABLE II. Results of matings of ungual osteodystrophy stock. 
Defective by Fi 
Defective by unrelated normal Defective by defective normal 


Cornell matings Kansasmatings Cornell matings Kansas matings Kansas matings 
Normal Defective Normal Defective Normal Defective Normal Defective Normal Defective 
36 3 69 13 40 40 118 
40 7 238 6 1 10 83 63 92 14 
8 9 94 3 76 75 

12 15 
84 19 401 22 41 50 220 186 
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ISOLATION OF DIPLOID AND TETRAPLOID 
CLONES FROM MIXOPLOID PLANTS 


Of Ryegrass (Lolium Perenne L.), Produced by Treatment of Germinating 
Seeds with Colchicine* 


HELEN D. anp W. M. Myerst 


Blakeslee! and Blakeslee and 

Avery? and independently, by 
Nebel®? and Nebel and Ruttle® of the 
efficacy of colchicine in the induction of 
chromosomal reduplication in plants, this 
chemical has been used successfully with 
a great number of plant species. Der- 
men*® has summarized early work with 
this chemical. The application of colchi- 
cine in aqueous solution to germinating 
seeds, seedlings or to the meristematic 
tissues of older plants has resulted in the 
production of sectorial or periclinal chim- 
eras of normal and polyploid tissues, or 
occasionally of completely polyploid 
plants. According to Dermen,? it should 
be possible, by proper timing of the du- 
ration of treatment, to change a whole 
tissue from diploid to polyploid. Vegeta- 
tive propagation of tissues from sectorial 
chimeras provides the possibility of se- 
curing diploid and polyploid clones which 
differ only in number of chromosomes 
and are, therefore, critical material for 
investigation of the effects of chromo- 
somal reduplication. 

By treatment of germinating seeds 
with solutions of colchicine, chromosome 
doubling was induced by the junior au- 
thor* in seedlings of Lolium perenne L., 
a diploid with a 2n chromosome number 
of 14. This species is perennial. It may 
be increased vegetatively by isolation of 
single tillers, each of which arises from a 
single bud primordium. Hence, in the 
case of sectorial chimeras, it was ex- 
pected that the establishment of diploid 
and tetraploid clones which had arisen 


Pr an the reports by 


from single seedlings could be accom- 
plished readily. Such clones were de- 
sired for comparative investigations in 
cytology,® chemistry,!°"™ physiology and 
morphology.® In the process of isolating 


_the diploid and tetraploid clones, it be- 


came apparent that in some cases at 
least, sectorial chimeras had not been in- 
duced in this species. Instead, mixoploid 
tissue resulted from colchicine treatment 
and the separation of the diploid and 
tetraploid tissue proved to be a more 
difficult problem than originally antici- 
pated. 


Material and Methods 


The plants from colchicine treated 
seeds that were found to contain tetra- 
ploid tissue as revealed by pollen grain — 
measurement or chromosome counts in 
root tips were separated into single 
tillers and four tillers from each plant 
were transplanted individually to pots 
and grown in the greenhouse. Chro- 
mosome numbers were determined from 
two root tips from each resulting plant. 
On the basis of these determinations one 
plant from each original seedling from 
which diploid and tetraploid types were 
obtained was selected as the progenitor 
of a diploid clone and another was se- 


lected as the progenitor of a tetraploid- ~--~ 


clone. In most cases it was possible to 
select a plant from which both root tips 
had been found to be either diploid or 
tetraploid. Each selected plant was again 
separated into single tillers, which were 
transplanted singly into pots. Chromo- 
some numbers were determined again 


= 


*Contribution No. 67, of the U. S. Regional Pasture Research Laboratory, Division of 
Forage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. S. Department of Agriculture, State College, Penn- 
sylvania, in cooperation with the northeastern States. 


+Agent and Geneticist, respectively. 
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from two root tips from each resulting 
plant. In each clone, one plant was se- 
lected from which both root tips were 
diploid or tetraploid as desired. The 
selected plants and their clonal progenies 
were increased subsequently by single 
tiller isolation for two generations. At 
that time it became evident that at least 
some of the clones still contained mix- 
tures of 2x and 4+ tissue. A plan of re- 
peated vegetative propagation was then 
adopted, using single tiller isolates 
through several generations. In each 
generation, the chromosome number was 
determined from two root tips of each 
plant. Selection of plants for propaga- 
tion of the next generation was in every 
case based upon these chromosome num- 
ber determinations. From five to ten 
plants, depending upon the number of 
tillers available, were established from 
each clone in each generation. An effort 
was made to keep the number of plants 
constant for the various clones in any 
generation but in some cases differences 
occurred due to failure of tillers to grow. 

In examining the root tips the pro- 
cedures described previously* were used 
with slight modifications. 


Experimental Results 
Among the pairs of putative diploid 


and tetraploid.clones that were being in- . 


creased, the diploid material had been 
lost in a few cases and the tetraploid had 
been lost in other cases. There remained 
in the first generation (first single tiller 
isolations from selected plants of the 
putative diploid and tetraploid clones) 
18 pairs of clones in which some diploid 
and tetraploid root tips were obtained. 
The results with these 18 pairs 
through successive generations of vege- 
tative propagation are presented in the 
following outline: 
I. One type of tissue not recovered. 
A. Tetraploid was lost in two pairs. 
The putative 4x clone contained predomi- 
nantly 2% tissue with a small amount of 
4x tissue in the first generation. It was 
pure diploid in the second and suceeding 
generations. The putative 27% clone was 
pure throughout five generations. 
B. Diploid was lost in four pairs.— 
In each pair, there was a small propor- 
tion of 2x tissue in the putative 2x clone 
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througi the first, second and third genera- 
tions but the clone was pure 4x in the 
fourth and fifth generations. In two of 
the four pairs, the 42 clone was pure in 
the first and succeeding generations. In 
the other two pairs, there was a slight 
mixture of 27 tissue in the 4x clone in 
the first and second generations but the 
clones were pure 4x in the third, fourth 
and fifth generations. 

II. Clones pure in the first and all 


subsequent generations. 

A. Both clones (2x and 4%) were pure 
in two pairs. 

B. Diploid clone but not the tetra- 
ploid—Two pairs. 

1. In one pair, the 41% clone was 
found pure by the fourth and into the 
fifth generations. 

2. In one pair the 4x clone was still 
mixed in four sub-clones in the seventh 
generation. 

C. Tetraploid clone but not the dip- 
loid—Two pairs. 

1. In one pair, the 2x clone was pure 
in the second and subsequent genera- 
tions. 

2. In one pair, the 2x clone was pure 
in the fourth and fifth generations. 

III. Clones pure in the second and all 


subsequent generations. 
A. Diploid clone but not the tetra- 
ploid.—Three pairs. 

1. In two pairs, the 4x clones were 
pure in the fourth and fifth generations. 

2. In one clone, the 4% was mixed 
through the fifth generation. In the 
sixth generation, two sub-clones were 
still mixed but two were pure. 

B. Tetraploid clone but not the diploid 
two pairs. 

1. In one pair, the 2+ was mixed in 
the sixth generation. In the seventh 
generation, two sub-clones were pure 
and two were mixed. 

2. In one pair, four sub-clones were 
mixed in the seventh generation. 
Clones pure in the third and subse- 
sequent generations. 
A. Diploid clone but not the tetra- 

ploid—One pair. 

1. In this pair, the 41 clone was 
mixed in the sixth generation. In the 
seventh generation, one sub-clone was 
pure and three were mixed. 


All of the clones except five were pure 
2x or 4x in the fifth generation, and one 
of these was pure in the sixth generation. 
Four clones, the 2+ from two pairs and 
the 4.x from two other pairs, still showed 
evidence of mixture in the seventh gen- 
eration. In each of these clones, three 
fifth-generation plants were selected for 


IV. 
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the production of three sub-clones, in the 
sixth generation. For establishment of 
the seventh generation, four plants, from 
each of which both root tips were dip- 
loid or tetraploid as desired, were se- 
lected in each clone from the sub-clone 
in which the incidence of mixture was 
least as determined from frequency of 2x 
and 4% root tips. Despite this more in- 
tensive selection, only two sub-clones 
ef one 24 clone and one sub-clone of one 
4x clone produced exclusively 2% and 4+ 
root tips, respectively. 

Throughout this experiment there was 
no noticeable difference in the ease of 
obtaining 27 or 4x clones in pure form. 
Furthermore, there was no evident ten- 
dency for one type of tissue to develop 
at the expense of the other as has com- 
monly been the case with sectorial chim- 
eras in which the diploid tissue ordi- 
narily crowds out the tetraploid. Mor- 
phologically, mixoploid plants could not 
be distinguished from pure diploid and 
tetraploid plants of the same clone, indi- 
cating that the two types of tissue did 
not differ markedly in morphology or 
growth rate. This is in agreement with 
comparative observations in the green- 
house of morphology and growth rates 
of the pure diploid and tetraploid clones. 

During the course of these investiga- 
tions, comparative studies were also be- 
ing conducted of meiotic behavior of dip- 
loid and tetraploid plants. Frequently, 
inflorescences were collected from plants 
that were shown subsequently from root 
tip analysis to be mixoploid. Ordinarily, 
an entire inflorescence was either diploid 
or tetraploid, at least so far as could be 
determined from the microsporocytes. 
Occasional exceptions were encountered, 
however, particularly cases in which one 
side of the spike was tetraploid and the 
other diploid. In one extreme case, indi- 
vidual anthers were mixoploid, yielding, 
upon smearing, groups of diploid and 
other groups of tetraploid microsporo- 
cytes from a single anther. 

The persistence of mixoploid tissue 
into the seventh generation of vegetative 
propagation in spite of careful selection 
on the basis of root tip chromosome num- 
ber determinations suggests an intimate 
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mixture of 2x and 4+ cells resulting from 
colchicine treatment. The fact that these 
seven generations were preceded by four 
vegetative generations, in the first two 
of which selection was based upon chro- 
mosome numbers of root tips, provides 
further evidence of the extent of the 
mixture. This persistence of mixoploid 
tissue despite repeated single tiller pro- 
pagation also suggests that the tiller 
primordium arises in this species by the 
differentiation of a group of cells, not all 
of which are descended from a single 
cell of the original growing point. 


Summary 


1. Pairs of diploid and tetraploid 
clones were isolated by vegetative pro- 
pagation from plants of Lolium perenne 
L. following treatment with colchicine. 
By use of single tillers for propagation 
and determination of chromosome num- 
bers of root tips in successive genera- 
tions, the process of establishing pure 
clones was followed. 

2. There was no observable tendency 
for either diploid or tetraploid tissue to 
be eliminated by the other and no no- 
ticeable difference in ease of obtaining 
pure diploid or tetraploid material. 

3. Mixtures of 2x and 4, tissue per- 
sisted in some clones through eleven 
vegetative generations, indicating that 
there was an intimate mixture of 2. and 
4x cells following colchicine treatment 
and that tiller primordia were produced 
Ly differentiation of a group of cells. 
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OCCURRENCE OF SPOTTED PHEASANTS 


Figure 3 


URING the past few years hunters 

in central South Dakota have 
brought in an occasional pheasant show- 
ing white spots in the plumage. Such 
animals, although occurring very rarely, 
do persist in the population. 

With the cooperation of the Game and 
Fish Commission, three such birds, one 
male and two females, were secured in 
order to test the mode of inheritance of 
the spotting. Such white markings ap- 
pear on any region of the body and may 
be displayed in a limited area with only 


one or a few feathers affected to nearly 


complete loss of the wild type pigments. 

A cross of two of the individuals was 
made, and from the ten eggs produced, 
eight chicks were hatched. A remark- 
able contrast was noted between the wild 


type chick and the spotted (Figure 3). 
The wild chick is grayish brown. Pig- 
ment is present on all parts of the body. 
The spotted chicks lacked the dark pig- 
ment except in a few small areas. When 
examined at one week of age, these 
chicks were nearly all uniform in the dis- 
tribution of the dark areas, namely, on 
the wings and back. Limited brown 
areas were noted on the legs, also. 
Since only one cross was possible, no 
analysis of the genetic complex of the 
spotting factor or factors can be made. 
However, as all of the offspring were 
uniformly spotted, one interpretation 
may be that the spotting is due to a 


recessive gene. 

RayMonp J, 
Huron College 
Huron, South Dakota 


INHERITANCE OF IMPERFORATE VAGINA 
IN THE MOUSE 


ELIzABETH BROWN CHASE 
Department of Zoology, University of Illinois, Urbana 


years at Illinois, the condition of im- 

perforate vagina was found occasion- 
ally. A male and female from this colony 
were used to develop an inbred strain, 
continued by successive brother-sister 
matings. Imperforate vagina was found 
in successive generations of this strain. 
This trait has not been found in any of 
the other ten strains of mice in our 
colony. 

This condition has been found in the 
rat and in some strains of mice. Plagge 
and Lamar® reported that it occurred in 
about one in every 150 females in a colo- 
ny of rats. Marx? stated that the ab- 
normality sometimes appeared in his 
strains of black-silver mice. Gowen and 
Heidenthal! found imperforate vagina in 
an inbred strain and its extracted cross- 
es of an English silver stock. 


I: a colony of Aka mice kept for some 


Description > 

The animals with this abnormality 
can be distinguished easily from females 
in which the vagina has not yet opened. 
In the abnormal animals, the vaginal 
plate is intact and there is a swelling in 
the perineal region, which becomes more 
pronounced with age. Internally, there 
is a small amount of connective tissue 
just beneath the vaginal plate and below 
that the vagina ends as a blind sac 1-2 
mm. from the epidermis. The vagina 
and uterus are distended with fluid. It 
is viscous and varies in color from a 
light clear yellow to brown, the color 
and amount depending upon the age of 
the animal. The pressure of the fluid 
causes great distension of uterus and 
vagina, with a consequent bulging of the 
abdomen and of the perineal region. The 
condition is the same as in all the cases 
described in the literature. 

The vagina can be opened surgically. 
A slit is made in the center of the vagi- 


nal plate and in the connective tissue be- 
neath it and then in the blind end of the 
vagina. The skin is then fastened to the 
edges of the vagina by four interrupted 
sutures. Healing is slow but the open- 
ing remains patent and after the accumu- 
lated fluid has drained from the uterus 
and vagina, the animals copulate and re- 
‘produce normally. Seven animals were 
operated in this way at ages varying 
from 50 to 118 days. One animal died. 
The other six produced from two to five 
litters each. Matings were made after 
healing occurred and litters were pro- 
duced within 22 to 81 days after the fe- 
males were placed with males. This 
shows that these animals are able to re- 
produce normally after the vagina is 
opened. 
Genetics 


The total number of females in this 
strain examined for this abnormality was 
135. Of this number, nine showed im- 
perforate vagina. This is an incidence 
of 6.6 per cent. This rate did not change 
from generation to generation. In only 
one case did one mother produce more 
than one daughter with imperforate vagi- 
na; she produced two. 

Imperforate animals which were treat- 
ed surgically were mated to sibs when 
possible and to other males in the strain 
when necessary. These animals pro- 
duced offspring, of which five females 
TT maturity. All of these were nor- 
mal. 

In outcrosses of this strain with other 
inbred strains, imperforate vagina has 
never been found. 


Discussion 


In comparing these data with those of 
Gowen and Heidenthal, it can be seen 
that the cases are similar. In the latter 
case, the total number of imperforates 
is 51. These were produced by 42 moth- 
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ers which also produced 244 normal 
offspring, making a total of 295. To al- 
low for a selected group, Gowen and 
Heidenthal subtracted 42 cases of im- 
perforate from the total, leaving 244 
normals and 9 imperforates or a ratio of 
27:1. In the present study nine imper- 
forate animals were produced by eight 
females which also produced 38 normal 
females. In treating the data in a man- 
ner similar to the above, eight imper- 
forates would be subtracted, leaving a 
total of 38 normal to 1 imperforate. 
With such small numbers, the ratios of 
27:1 and 38:1 are not significantly dif- 
ferent. 

Gowen and Heidenthal state that the 
parents of the imperforate animals are 
both heterozygous because they pro- 
duced imperforates. It would not seem 
likely that such matings would be found 
in an inbred strain, particularly matings 
in which both individuals are heterozy- 
gous for each of two factors, as is sug- 
gested by the above authors. 

The ratio of 27:1 is too low for two 
factors. A possible explanation given by 
Gowen and Heidenthal is that some in- 
dividuals with very small vaginal open- 
ings should be considered as genetically 
similar to those with imperforate vagina. 
In the present study, the size of the 
vaginal orifice was measured at the time 
it opened in 53 animals. The size varied 
from 0.3 to 3.1 mm. with a mean of 1.55 
+ 20. In another inbred strain, the C57 
Black, in which imperforate vagina has 
never occurred, the size of the opening 
varied from 0.4 to 1.9 mm., with a mean 
of .80 + .03. This is a much smaller 
opening in general than that found in 
our Aka strain. This would suggest 
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that a small vaginal opening has no con- 
nection with imperforate vagina. 

The rate of occurrence of imperforate 
vagina in the present study and in the 
study by Gowen and Heidenthal is too 
low to be accounted for by two indepen- 
dent factors. The fact that there does 
not seem to be a change in frequency 
with successive generations of brother- 
sister matings or in matings of operated 
imperforates would indicate that the in- 
heritance is not a simple Mendelian seg- 
regation. It seems probable that the con- 
dition is one of those cases in which the 
trait occurs sporadically within a strain, 
for which no definite gene differences 
can be assigned. A somewhat similar 
situation was reported by Wright,* 
where otocephalic individuals appeared 
irregularly in certain highly inbred 
strains of guinea pigs. 


Summary 


Imperforate vagina was found in 9 
out of 135 females in an inbred strain 
of mice. The percentage incidence (6.6 
per cent) did not change with successive 
generations of brother-sister matings. 
Operated imperforate females produced 
five normal females and no imperforates. 
Small size of vaginal orifice has no con- 
nection with this abnormality. 

The trait appears to be a strain char- 
acteristic which has a certain low fre- 
quency of expression. 
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CHINESE SWINE AND THEIR 
PERFORMANCE 


Compared With Modern and Crosses Between Chinese 
and Modern Breeds 
W. anp T. Y. Hsu 
United States Department of Agriculture and 
Chinese Ministry of Agriculture* 


( » siderable swine have made a con- 

siderable contribution to the de- 
velopment of many of the breeds 
now utilized in the United States. There 
is much debate concerning the exact 
origin of these breeds, but most authors 
accept Smith’s!* conclusion that, while 
most breeds in the United States are of 
American origin, they descended wholly 
from importations made during early 
periods of American history and exten- 
sive additions from 1800 to 1850. Smith 
considers that this 1800-1850 influx in- 
cluded the most important foundation 
stock for the production of the modern 
breeds. It came principally from Euro- 
pean countries and West Africa, but 
much of the ancestry of this stock came 
criginally from China and other coun- 
tries of southeastern Asia. Harris,? Co- 
burn,? Layley and: Malden,!* Smith,!* 
and others agree that Chinese and other 
southeastern Asiatic pigs were brought 
to Great Britain for crossing with the 
large-framed, coarse native pigs, in or- 
der to improve their quality and anaity 
to fatten. 

Owing to the importance of Chinese 
swine in the development of many breeds 
now produced in the United States, it is 
of interest to compare the two groups in 
conformation and performance. The ob- 
jects of this paper are: (1) to present a 
brief description of Chinese swine types, 
and (2) to present a résumé of data, re- 
cently accumulated in China, on the per- 
formance of certain types of Chinese 
swine and of crosses between these and 


. 


some modern American and English 
breeds, thus making the material gen- 
erally available to breeders and scientists 
interested in swine improvement. 


Types of Chinese Swine 


Chinese swine may be divided rough- 
ly into two main classes, the North 
China and South China types. Little is 
known of the history of either of these 
but it seems probable that they orig- 
inated from somewhat different wild 
strains. Allen’ states that the number 
of recognizable races of wild pig in China 
and Mongolia can be determined only by 
further study of a large series of speci- 
mens. He reviews the available infor- 
mation and gives a tentative classifica- 
tion as follows: Sus scrofa raddeana in 
portions of Manchuria and outer Mon- 
golia; Sus scrofa moupinensis in Hopei, 
Chantung, Shansi, Shensi, Honan, south- 
ern Kansu and much of Szechwan; and 
Sus scrofa chirodonta in Hupeh, Anhwei 
and the other portions of China lying 
south and east of these provinces. The 
rough dividing line between the two lat- 
ter sub-species is approximately the 
same as the boundary between the 
North and South China types, shown in 
Figure 4. However, Allen’ points out 
that these two wild types differ only 
slightly. There is not sufficient informa- 
tion available to judge whether the exist- 
ing domesticated swine are directly de- 
cended from wild types indigenous to 
the same areas. 

The North-China hogs are long, lean 


*The senior author is senior animal husbandman, in charge of genetic investigations in the 
Bureau of Animal Industry, Beltsville, Maryland. The junior author is in charge of the animal 
husbandry section of the National Animal Industry Research Bureau, Yungchang, Szechwan, 
China. The material upon which this paper is based was assembled while the senior author was 
in China during 1943 and 1944 on a special mission for the Division of Cultural Cooperation 


of the Department of State. 
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DISTRIBUTION OF SWINE TYPES 
Figure 4 
Map showing the approximate dividing line between areas in which North and South China 
types of swine are found, and approximate location of two South China sub-types. A—North 
China swine; B—South China swine; C—South China Yungchang swine; D—South China 


Cantonese swine. 


animals with long narrow heads, rather 
straight faces and large ears. Black is 
the predominating color and white mark- 
ings are rarely seen. The back is nar- 
row and usually is straight or slightly 
sagging. The hams are very light. 
Wrinkles on the face are usually parallel 
and run along the long axis of the face. 
The rate of growth is relatively slow, 
Se sows are reported to be quite pro- 
lific. 

The South-China pigs are shorter, 
broader backed and more rotund. The 
hams are somewhat larger, although not 
as plump as those found on most Amer- 
ican and English breeds. The back usu- 
ally sags more than in North-China pigs. 
The head is short and rather wide, the 
face somewhat dished. Wrinkles on the 
face may be tortuous and tend to run at 


right angles to the long axis of the face. 
There is considerable variation in color 
in different regions, ranging from solid 
black to nearly white, and with some red 
or reddish brown animals. The sows 
are reported to be less prolific than those 
of the North-China type, and the pigs 
grow more rapidly, but there is consid- 
erable variation among the South-China 
pigs. The hair is somewhat softer than 
on the North-China pigs. : 

The approximate dividing line be- 
tween the two types is shown on the map 
in Figure 4. There is some inter- 
mingling of the types along this tenta- 
tive boundary, of course. 

The hogs of North China may be di- 
vided into two classes, a large and a 
small type. There are gradations be- 
tween these two extremes, and the de- 
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NORTH CHINA SWINE 
Figure 5 


A—Sow, photographed in Chinghai. This is the type commonly seen in Chinghai and 
Kansu. B—Front view of sow in A. C—Litter-mate sow and boar of Kansu, age seven months. 
Sow in foreground was 11% inches high at the top of the shoulder and was due to farrow in 
about 3 weeks. D—Small type of pig found in limited numbers in Kansu (photographed by 
F. P. Sha, Chinese Ministry of Agriculture). E—Mature boar of the larger type found in 
Kansu (photographed by F. P. Sha). F—Pig of the type found in the vicinity of Chiangpei, 
Kiangsu. 
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‘SOUTH CHINA BLACK HOGS 


Figure 6 


A—Small type black boar of Szechwan province. B—View of head of boar in A. C—Large 
type sow of the type found in‘the, viginity, of Neichiang, Szechwan, age 14 months (photographed 
by S. Y. Chang, Szechwan National University). D—Pigs of the same types as the sow in C 
E—Sow of the type found in Kweichow. Red and brown are interspersed with the more com- 
mon black ones in this area. /—Fattening hog of the same type as the sow in E. 


scriptive terms, large, medium and small, 
are sometimes used in describing the 
variations in type. 

Black strains predominate in many 
regions of South China, but black-and- 
white strains, such as the Yungchang 
and Cantonese, are typical of certain lo- 

hogs are found 
principally i in Yungchang hsien (county) 
and parts of Lungchang and Luchow 


hsiens to the south and west of Yung- 
chang (see Figure 4). These hogs are 
white over most of the body and have 
black spots around the eyes, varying 
from narrow circles to large: spots that 
include much of the head and ears. They 
are sometimes referred to as “bi-spec- 
tacled whites.” Some entirely white or 
nearly all white animals are seen. Ad- 
jacent to the home of the Yungchang . 
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NORTH CHINA SOW 


Figure 7 


Sow of the Shantung province (photograph furnished by F. J. Rossiter, Office of Foreign | 
Agricultural Relations, U. S. Dept. of Agriculture). 


hog there is a region where many black- 
and-white hogs are found, owing to 
crossing of the Yungchang with black 
strains. 

Cantonese hogs are found in the vi- 
cinity of that city and adjacent regions. 
There are not sufficient data available to 
delimit their range accurately but the 
approximate area is shown in Figure 4. 
The predominating color is black-and- 
white, with considerable variation in the 
relative amounts of the two colors. These 
hogs have been described by Levine," 
who states that colors range from nearly 
white to black, or black with white 
points. In some localities the ears are 
large and pendulant, in others they are 
small and erect. Both types are some- 
times found in the same community. It 
seems probable then that this is the area 
from which most animals were exported 
from China for use in swine breeding in 
_ Great Britain. 

Black hogs predominate in most other 
regions of South China, Although some 
black and white pigs are found in Cheki- 
ang, Kwangsi and Hunan provinces, 
and animals. with white markings are 
seen occasionally in other areas. Many 
of those in Chekiang have a tendency 
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toward “white belting,’ being white 
with black over the head and rear quar- 
ters. The natives refer to these as “two 
ends black pigs.” . Red or reddish-brown 
animals are frequently seen among the 
black strains, especially in the moun- 
tainous regions of Kweichow, Szechwan 
and Sikong and similar regions to the 
north and south of this area. There is 
considerable variation in type within the 
black strains, even in adjacent areas. 
For example, the hogs around Neichi- 
ang, Szechwan province, are larger, less 
chuffy and somewhat later maturing 
than those around Chengtu in the same 
province. Hogs in the mountainous re- 
gions tend to be somewhat leaner in ap- 
pearance than those of the more fertile 
lowland areas, but they may reflect dif- 
ferences in environment rather than in 
heredity. 

Pork is a favored article in the diet 
ot the Chinese and hogs are raised ex- 
tensively in most areas occupied by 
them. Chinese emigrants have taken 
hogs into Manchuria, mostly from Shan- 
tung, and these are described in the 
Japan-Manchukuo yearbooks (see 
Wang”) as being black and of three 
types, large, medium, and small. These 
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appear to be of the North-China type 
already described. 

Many regions in Mongolia, Tibet, 
much of Chinghai and Sikong and parts 
of Sinkiang have little feed that is suit- 
able for hogs, hence the swine popula- 
tion is small. According to Johnson’? 
the pigs in Sikong are small, and for 
the most part exist on vegetation. They 
are much smaller and have shorter ears 
than those of the Chengtu area, east of 
Sikong, in Szechwan. Chengtu is the 
chief city through which trade passes to 
and from Sikong. Mohammedans of the 
northwestern areas do not eat pork, so 
few hogs are raised in areas where this 
group predominates. _ 

The limited or total lack of available 
information concerning the swine in 
many localities in China, renders any 
description of types necessarily incom- 
plete. However, the foregoing descrip- 
tion and the photugraphs in Figures 5 
to 9 will indicate main types and some 
of the variations within these types. 
Other variations within types and de- 
tails of subtypes can only be filled in as 
more information becomes available. 


Performance of Chinese, Modern < 
Chinese, and Modern Breeds 


of Swine 


The work reviewed below was con- 
ducted at National Central University, 
and was largely financed by a grant from 
the Rockefeller Foundation in connec- 
tion with its rural reconstruction pro- 
gram in China. From February, 1936 
to October, 1937 the work was conduct- 
ed at Nanking. Owing to the Japanese 
invasion, the staff and part of the herd 
were moved to Chungking and then to 
Chengtu. After the move to Chengtu, 
the Szechwan provincial Government co- 
operated with National Central Univer- 
sity in the work until it was concluded 
in 1941. 

Owing to wartime conditions some de- 
tails of the data were lost, the work is 
inadequate in some respects, and not as 
complete as could be desired in other re- 
spects. Nevertheless, these appear to be 
the only data of their kind in existence 
and should be of considerable interest to 
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swine breeders. Much of the informa- 
tion has been published in Chinese (see 
Literature Citations, Nos. 4 to 11, and 
18), but a summarization of data and 
conclusions is given here to make the 
findings generally available to workers 
who cannot utilize the original material. 

The Chinese swine used at Nanking 
were of the North-China type, with the 
exception of a few from Chekiang that 
were intermediate, while those at Cheng- 
tu were of the South-China type. Ra- 
tions used at Nanking were comparable 
to those commonly fed under conditions 
of good management in the United 
States, but tankage was not available at 
Chengtu so only vegetable protein was 
supplied. 

A survey of levels of fertility on farms 
in four sections of Szechwan, including 
the Chengtu, Yungchang and Neichiang 
areas, revealed that litter size varied 
from 8.4 to 9.1 in the four areas and 
averaged 8.8. In 31 sows native to the 
Chiangpei area of Kiangsu, an average 
litter size of 13.9 was observed. Tong?® 
cites an exceptional case of a North- 
China black sow, kept at Minghsien Col- 
lege, that had 32 teats and produced 25 
live pigs in one litter. Levine!‘ states 
that in the Canton area a sow is sup- 
posed to be able to nurse at least ten 
pigs, which seems to be the average for 
the region, although as many as 15 are 
frequently seen with one sow. Thus it 
appears that the Cantonese sows are 
more prolific than those in some other 
parts of South China. 

Chinese pigs are reputed to develop 
sexually more rapidly than modern 
breeds. Chinese animal husbandry work- 
ers cite instances of gilts being bred by 
litter-mate boars before 60 days of age. 
Gilts are usually bred when about five 
months old, but earlier breedings are 
common and Chinese workers say that 
it is not unusual to find gilts farrowing 
at about six months of age. This is in 
marked contrast to the findings of Phil- 
lips and Zeller’® with the Poland China 
breed, in which spermatozoa were first 
observed in the testes at 20 weeks of 
age, and large- and small-type gilts ex- 
hibited first estrus at 198.7 and 207.8 
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days, respectively. Hsu and Peng’ stu- 
died ten gilts of the type found in the 
vicinity of Neichiang, Szechwan. Five 
were on a standard and five on a typical 
farm ration; and the average ages of 
first estrus were 88.6 and 108 days, re- 
spectively. First estrus averaged 5.2 
and 5.8 days in length and later estrous 
periods were shorter, the average for the 
groups varying between 2.0 and 3.0 
days, after the second estrus. These 
gilts were checked for estrus twice daily. 


Pigs from Chiangpei in Kiangsu prov- ° 


ince and Chinhua in Chekiang were com- 
pared and both types were about equal 
in rate of growth. The Chinhua pigs had 


more subcutaneous and less kidney fat’ 


than those from Chiangpei. These re- 
gions are on the borderline between the 
North and South China types. The 
Chinhua pigs, owing to the thicker back 
fat, appear to be more like the South- 
China type than those of Chiangpei, and 
the black and white markings indicate 
that they may be intermediate between 
the North-China and a black-and-white 
strain of the South-China type. 

Relatively few data are available con- 
cerning the feed-lot performance of the 
native pigs. Some of these data will be 
summarized along with the data on 
crosses with American and English 
breeds. Some data, not involved in 
these studies, are summarized here. 

Four pens of pigs purchased in the 
Chiangpei, Kiangsu area were fed for 
varying periods and the results are sum- 
marized in Table I. 

A direct comparison was not made 
with pigs from the vicinity of Chinhua, 
Chekiang, but six of the latter type were 
fed in an experiment to compare growth 
rates of pigs confined in sunlight and in 
a dark room. This work was stimulated 
by the common practice among Chinese 
farmers of confining their pigs in dark 
quarters. The data are summarized in 
Table II, and indicate that pigs grow 
more rapidly in sunlight. 


A comparison of the performance of. 


three strains of Szechwan pigs by Hsu 
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and Chiang’ showed that the types dif- 
fered in time of fattening and the weight 
when it was most profitable to market 
them. Small, black pigs from Chengtu 
were at their optimum condition at 180 
catties* (about 198 pounds), larger 
black pigs from Neichiang at 250 catties 
(about 275 pounds) and Yungchang 
pigs at 210 catties (about 231 pounds). 
At lower weights they were not fat 
enough to please the public demand for 
a fat carcass, and if fed longer the gains 
became too expensive. Some data ob- 
tained on animals being slaughtered in 
the normal course of business in the 
Chengtu, Neichiang and Yungchang 
markets are summarized in Table ITI. 

Hsu and Peng® studied the perform- 
ance of six sows from the Neichiang, 
Szechwan, and eight from the Yung- 
chang, Szechwan area, including per- 
formance of the sows and their progeny. 
The data are summarized in Table IV. 
The pigs were weaned at ten weeks and 
put on feed at 13 weeks of age. Aver- 
age- or medium-size pigs in each litter 
were selected for feeding, the extra large 
or small ones being discarded. The num- 
ber of pigs farrowed is much higher 
than that cited earlier as the average for 
farm sows of this type. These sows 
were especially selected and were main- 
tained under much better conditions 
than are commonly found on farms. The 
Neichiang pigs grew at a more rapid 
rate over the entire feeding period but 
the greatest difference occurred after the 
pigs reached 220 catties. The Neichiang 
pigs made more efficient gains and the 
difference of 67.6 catties in feed required 
per 100 catties gain was statistically sig- 
nificant. The carcasses of the Yung- 
chang pigs were somewhat fatter, owing 
to slower growth and a longer fatten- 
ing period. 

Levine’ reports that 12 hogs fed at 
the Canton Christian College made an 
average daily gain, at six months of age, 
of about 0.65 pounds a day on full feed, 
and that these pigs usually weigh be- 
tween 200 and 250 pounds at one year. 


*This is the new catty, equal to % kilo or about 1.1 lbs. The old catty was equal to about 


1:3 Ibs. 
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The average dressing per cent of 32 hogs 
was 72.5. 

The studies in which native pigs were 
compared with modern and modern X 
native crossbreds are summarized below. 
Owing to the different native types used 
in work at Nanking and Chengtu, the 
work at the two locations is reviewed 


separately. 
Work at Nanking 


The modern breeds involved in this 
work were Berkshire, Chester White, 
Duroc Jersey, Hampshire and Large 
Yorkshire. The Duroc Jersey and York- 
shire hogs were rather large and rangy, 
while the hogs of the other four breeds 
were of a smaller, more compact type. 
Native pigs were of the North-China 
type and came from the vicinity of 
Chiangpei, Kiangsu. Numbers were 
limited and the modern breeds were 
grouped together for some comparisons 
with the native pigs. Loss of original 
records, owing to wartime conditioris, 
make it impossible to indicate the pro- 
portions of the various modern breds in 
some of these cases. All pigs were given 
cumparable treatment, and the manage- 
nient and feeding were as near to gen- 
erally-accepted American standards as 
the working conditions permitted. The 
ration generally used included corn, 
tankage, soybean oil meal, bone meal and 
salt. In feeding trials with fattening 
hogs, the protein content of the ration 
ranged from about 16.6 percent at the 
beginning to about 12.9 per cent at the 
end. 

The duration of gestation was similar 
in all groups. The average length of 32 
gestations in modern sows was 115.8 + 
0.51 days; in 21 gestations in native 
sows it was 115.1 + 0.39; and in five 
F, sows mated to modern boars, it 
averaged 113.6 + 0.87. 

The interval between deliveries of in- 
dividual pigs at parturition in the above 
modern and native sows averaged 23.2 
+ 4.18 and 19.7 + 2.69 minutes, re- 
spectively, and the difference was not 
statistically significant. 

Pigs from sows of modern breeds 
were somewhat heavier than those from 
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native sows at birth. The average weight 
of 334 pigs of modern breeds was 2.06 
+ 0.04 catties. Eighty-eight native pigs 
averaged 1.61 + 0.04 and 314 crossbred 
pigs out of native sows averaged 1.69 + 
0.03. Differences between various groups 
are shown below, with their standard 
errors: 

Modern — Native 

Modern — Fi 36 +0.049 

_ Fi — Native 08 + 0.049 “ 
The native sows were smaller and had 
larger litters than the modern sows, 
which at least partially accounts for their 
pigs being lighter. 

The 462 male pigs born in this work 
averaged 1.86 and the 346 female pigs 
1.84 catties at birth and the difference 
was not significant. The sex ratio was 
133.5. 

The Chinese sows are reputed to be 
good mothers and the available data bear 
cut this belief. Data on survival to 
weaning (at ten weeks of age) are sum- 
marized in Table V. 

The changes in weight of the sows 
owing to reproduction indicate that the 
loss is greater in the native sows. Six- 
teen modern sows averaged 317 catties 
before parturition. They lost an average 
of 40.8 catties during parturition, and 
38.4 during 10-weeks lactation, a total 
of 79.2. Eighteen native sows averaged 
285.7 catties before parturition, lost 47.1 
and 46.0 catties, respectively, at parturi- 
tion and during lactation, or a total of 
93.1. 

The Chinese sows, being smaller, con- 
sumed less feed than the modern sows 
during lactation. During 1936 the aver- 
age daily feed consumption of four sows 
of each type was 9.93 and 12.1 catties 
per head. During 1937 the sows had ac- 
cess to green alfalfa and the consump- 
tion of concentrates was somewhat low- 
er, averaging 8.84 catties daily for 12 
modern sows and 7.73 for 11 native 
sows. An interesting comparison was 
made of the combined feed consumption 
of the sows and their pigs during the 
nursing period. The data are summarized 
in Table VI. The difference in efficiency 
of production, thus measured, was 94.9 
+ 21.29 catties. The native sows were 


0.45 + 0.057 catties 


Phillips and Hsu: Chinese Swine 


373 


“BI-SPECTACLED WHITE” HOGS 
Figure 8 


This curious pattern is found in Yungchang, South China. 
B—Sow and litter. C—Sow, age two years and ten months (photograph by S. Y. Chang). 


D—Weanling or “tethering’’ pigs. 
pounds. 


A—Boar, age two years. 


E—Fattening hog, age six months, estimated weight 75 
F—Fat hog. G—Fat hogs nearly ready for slaughter; age unknown, but had been in 


fattening pen four months and weighed an estimated 325 to 350 pounds. 


raising hybrid pigs, however; hence 
there is not a direct comparison of the 
modern and native types. 

Data on performance of various breeds 
and crosses during the feeding period 
are summarized in Tables VII, VIII 
and IX. Carcass data were obtained on 
some of these groups and certain inter- 
esting items from these data are sum- 
marized in Tables VIII and IX. 

The rate of growth in the native pigs 
was slower than that in either the mod- 
ern purebred or the modern Chinese 
groups that were fed. Native pigs re- 


quired about 281 days from birth, on the 
average, to reach market weight (about 
180 catties), while crossbred pigs (sired 
by modern boars, and out of native 
sows) required about 208 days, or 73 
days less to reach the same weight. Dif- 
ferences in efficiency of feed utilization 
are not nearly so marked. In the groups 
for which data are summarized in Table 
VIII, the two native lots required the 
largest amounts of feed per unit gain, 
while in the groups summarized in Table 
IX, the two native groups fall within the 
range of the crossbred groups. 
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The dressing percentages available for 
various groups, including some animals 
in addition to those listed in previous 
tables, are summarized in Table X. The 
native groups fall within the range of 
the purebreds and crossbreds. 

Some definite differences appear in 
the mode of fat deposition. The data 
for caul and kidney fats are summarized 
in Table XI. All the differences listed 
in the lower half of this table are sig- 
nificent and indicate that the native pigs 
puf on relatively more caul and kidney 
fat than the modern breeds, while the 
crossbreds are intermediate in this re- 
spect. The few pigs from Chinhua, Che- 
kiang that were studied were similar to 
the crossbreds, caul fat averaging 4.88 
+ 0.73 catties and kidney fat 5.10 + 
0.70 catties, but they were slaughtered 
at somewhat lighter weights than the 
other animals, and at equal weights 
would have been nearer to the other na- 
tive pigs. 

Back fat was significantly thicker in 
native and crossbred pigs than in the 
modern group, but the crossbred and 
native pigs did not differ significantly. 
The data are summarized in Table XII. 
The few Chinhua, Chekiang pigs, which 
were slaughtered at somewhat lighter 
weights, had a thickness of back fat of 
5.66 + 0.32 cm., or nearly as thick as 
that of the crossbreds and Chiangpei, 
Kiangsu natives. 

Thickness of skin was greatest in the 
native, lowest in the modern, and inter- 
inediate in the crossbred pigs. The data 
are summarized in Table XII. In the 
Chinhua, Chekiang pigs thickness of 
skin was similar to the modern pigs, 
averaging 0.2 cm. 

In an effort to determine fundamen- 
tal reasons for differences in growth rate 
between modern and native pigs, cer- 
tain organs were weighed or measured. 
The heart and liver were heaviest in the 
crossbreds and lightest in the natives. 
The means and differences are shown in 
Table XIII. The small intestine was 
longest in the modern breeds, and short- 
est in the native. The means and dif- 
ferences are shown in Table XIII. 
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Lengths of the large intestine were simi- 
lar in the various groups and the small 
differences were not significant. 


Work in Chengtu 


The native swine used in this work 
were of two types, the rather large black 
pigs found in the vicinity of Neichiang, 
Szechwan and the “bi-spectacled” white 
pigs typical of the Yungchang, Szech- 
wan area. The rations used in feeding 
trials were balanced according to the 
same standard used at Nanking, but 
tankage was not available and all the 
protein was of plant origin. Berkshire, 
Chester White, Yorkshire, and Poland 
China boars were used to sire crossbred 
pigs, and the data on performance of 
these and native pigs are summarized in 
Table XIV. All the crossbred groups 
grew at a more rapid rate and their 
gains were somewhat more efficient. No 
material differences appear between the 
natives and the crossbreds in length of 
the small intestine and in deposition of 
fat, the native litters falling between the 
extremes observed in crossbreds in most 
of these measures, the only exceptions 
being caul and kidney fat, in which the 
Yungchang native pigs showed the high- 
est Jevels of any of the groups. 

Bristles have been an important source 
of income. It is not possible to predict 
the future importance of bristles, but 
much depends on developments in the 
synthetic bristle industry. Native Chi- 
nese hogs have longer and stiffer bristles 
than the modern hogs of the United 
States and the methods of management 
result in a much longer period for bris- 
tle growth before the hogs are slaugh- 
tered. Under prewar conditions white 
bristles were more valuable than black 
and the Yungchang hogs were one of 
the chief sources of white bristles. Data 
on bristle length at the end of the feed- 
ing period were obtained on the animals 
for which performance data are present- 
ed in Table XIV. Data on bristle length 
are summarized in the same table. They 
are inconclusive, owing to small num- 
bers. The crossbreds compared favor- 
ably and in one case exceeded the native 
animals in length. However, bristles on 


Phillips and Hsu: Chinese Swine 


375 


SOUTH CHINA BLACK-AND-WHITE HOGS 
Figure 9 
A and B—Pigs of a type found in vicinity of Chinhua, Chekiang. C—Sow and litter of a 
type found in vicinity of Nancheng, Kiangsi (photographed by F. J. Rossiter, Office of Foreign 
Agricultural Relations, U.S.D.A.). D—Spotted pig of a type found in limited numbers among 
the black pigs of Kweichow. E—Cantonese fat hogs (after Levine"). - 


the crossbreds were not as stiff as those 
on the native animals. 

In the various feeding trials summar- 
ized in preceding portions of this paper, 
the animals were maintained under ex- 
periment-station conditions, with man- 
agement and feeding practices as com- 
parable with those used in the United 


States as the circumstances permitted. 
In Szechwan, where this work was done, 
the pigs are weaned at from one to two 
months of age and the majority of them 
are sold to poor farmers who feed them 
scantily for two to five months, then re- 
sell them as medium-sized feeders. 
These medium-sized feeders are fed, 


i 
we ir = 
: 
- 
‘ad 
"3 
j 
& 


The Journal of Heredity 


HOGS FROM THE SIKONG HIGHLANDS 
ic 5 Figure 10 

Hogs of the type found in’ the highlands of Sikong province. They exist largely on grass 

and other roughage. Color is black. The face is long and the ears are quite small. (Photograph 

by R. G. Johnson, Oregon State College.) 


mostly on roughage and farm refuse to 
be converted into manure, after which 
they are sold again as large feeders. The 
medium-sized feeders are handled by 
small tenant farmers and others who de- 
sire them as a_ means of providing ma- 
nure for their land. They sell these as 
large feeders to the well-to-do farmers, 
and to proprietors of mills, oil presses, 
breweries, etc., to be fed on fattening 
rations for two or three months, after 
which they go to market as slaughter 
hogs. The total feeding period, from 
weaning to slaughter, may vary from six 
months to as much as two years. There 
are many variations of the above pat- 
tern, but it serves to illustrate the essen- 
tial pattern of swine production, in 
which animals are “stretched up” large- 
ly on roughage and under otherwise 
poor conditions of environment, after 
which they are fattened for a brief peri- 
od on_ relatively good-quality feeds. 
Available experimental evidence!® would 


indicate that this procedure tends to pro- 
Guce animals with relatively under-devel- 
oped muscles and a high proportion of 
fat. A limited test was made of the per- 
formance of some native, modern pure- 
bred and crossbred pigs under experi- 
ment station conditions until they 
weighed from approximately 100 to 150 
pounds. They were then distributed to 
farmers to be fed in their own way. 
Weights were taken at intervals of four 
weeks, until the pigs were approximate- 
ly one year old. The data are summar- 
ized in Table XV. Obviously, the num- 
bers are too limited to permit definite 
conclusions. Study of the data does not 
indicate definite superiority of any of 
the three general groups (native, mod- 


ern purebred and crossbred) used in this 


study. Much further work is required to 
determine the adaptability to Chinese 
farm conditions of the modern breeds 
and crosses between these and native 


types. 
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Sate of Sour pons 0 sev pen) of Table 2. Performance of Chekiang pigs in sunlight and in dark quarters (5 pigs in 
each lot), 
: i 2 3 3 4 2 Sunlight Derkness** 
3 65.2 84.5 68.6 Days on feed P 
3 152.0 3 179.6 179.4 Final weight 149.7 139.2 
0.90 1.05 Avg. daily 0.64 0.7 
: : ; 470.2 592.2 per 100 catties : 00.6 442.6 
ia 
In cattios * In eattios 
** Measured at top of shoulder ** Only 2 pigs finished thie trial 
Table 5. Summary of slaughter date in three Szechwan markets. Table 4. Average performance of 6 Neicbieng and 6 Yungebang sows and their 
progeny (four pigs per litter were fed). 
toms 
compared A 
3 3 3 3 Pige weaned 
Live weigtt* 2169.7 3181.5 :173.2 237.8 : 272.4 : 221.0 196.2 
Dressing percent 372.2 : 66.1 : 68.2 : 78.7 +: 79.0 : 75.4: 72.4 ; 
Caul fat (percent) 1.79: BOB: 4.80 : 5.20: 4.75: 4.09 
Kidney fat (percent) 2.98: 5.06: 5.08 : 5.87: 8.95: in 
: : : weight 
Avg. final age (days) 331.3 387.0 
Avg. dat. 
* In catties. Catty= 1/2 kilo, or ebout 1.1 pound. 
Food per 100 catties gain: 574.3 


Table 5. Comparison of litter size in modern and North-China native sous. Table 6. of feed during lactation in modern and North- 
China native sows and their litters. 
Type: umber of pigs “type: ? 
of No. of 3 : Percent : No weaned of Mo. of: Feed per 100 catties gain 
Modern : 26 262 : 201 6.88 Modern 16: 233.3 417.2 + 18.67 
Native: 22: 307: 259s ative 277.4 


fable 7. Performance of modern purebred and modern x native North-China crosses, 1936 data. Pigs were put 
on feed at 13 weeks, or 3 weeke after weaning. Four pigs per lot, 


3 
: : : : : 
temp: China : China : Yorkshire 
Itens sHamp- Hera- : Berk- : x 2 Ve ae x 
tehire : shire : sb. gative : native nati native : native : native : native 
female : ow __: female female: 
Initial weight : 33.3 : 43.4 : 39.3 : 33.6: 33.4: 43.2: 45.0: 38.4 : 28,0 : 33.5 
(catties) 3 3 3 : % 
on feed :140 :112 2126 : 154 «112, M2 3140 1s 3 uz 
3 3 3 3 3 3 
Avg. daily gain: 1.00: 1.23: 1.12: 1.35: 0.96: 1.21: 1.15: 1.07 : 1.02 : 1.26 
3 3 3 3 3 3 
Feed per 100 :390.6 :360.1 :381.6 : 341.92 401.2: 362.0: 374.7 :399.0 1594.6 336.4 


catties gain 


Table 6. Performence of modern purebred, native, modern crossbreds and modern x native crusses, 1937 date, 
Four pigs per litter were put on feed at 13 weeks or 3 weeks after weaning. 


sHampshire :Yorkshire:Yorksbire:Chester shite 
x 


China: native : native : native 


Items 
3 3 3 3 
Initial weight : 42.0 : 45.35 : : 32.8: 39.2 : 56.7 
Days on feed 139 : 13 123 : 1s 130 3 
Pinal weight : 180.0 : 1867.3: 174.6 :177.4 :175.2 : 160.8 186.4 181.4 
Avg. daily gain : 0.99: 0.93: 0.98: 0.71: 0.59: 91,88 : 1606: 
Feed per 100 : 455.5 2: 462.5: 459.2 :484.6 2540.3 : 405.3 : 415.2 : 352.8 : 465.6 
3 3 3 2 3 3 3 
Dressing percent*: 72.3 : 71.8: 70.9 : 72.0 2 74.5 : 74.0 +: 71.8 : 69.5 ¢ 76.9 
of mall : 65.1 : 53.5: 61.0 : 51.42 48.5: 56.5 : 54.9 : S45 3 63.1 
intestine 3 2 3 3 3 
(Chinese fect) **: 2 3 3 3 
Caul fet,percent®: 1.75 2.00: 1.87 : 35.75: 4,53: 1.68 : 2.422 1.92 : 2.43 
Kidney fet, per- : 1.73 2.07: 1.57 : 3.94: 5.54: 1.94 2.45 2.14: 2.00 
fet (om. 5. A 99: 2 


.© Percent of live weight 
#* C:.inese foot = 1/3 meter 
At top of shoulder 


15 weeks. ‘Sight pigs per lot. Barrows and gilts are included in all lote. Females were spayed in the 
mative lots only. 
Iteas : x x 
Native Native native: native : native : native : native 
3 
Initial weight 2.9 : 30.8 53.1 40.4 
(catties) 3 
Daye on feed 192 188 126 
: : : 
Final weight 2179.6 174.7 180.0 183.1 
: 
Avg. daily gain 77 77 1.35 1.15 
: 
Feed per 100 catties : 395.2 + 374.9 359.9 3 360.3 
: 
No, salughtered 6 8 : 
: : 
Dressing percent® 71.1 : 7.2 
: : 
of emallin- : 47.1 66.9 
testine (Chinese 3 
feet) ** : 
Caul fet, percent : 3.49: 267 
3 
Kidney fet percent® : 4.551 -- 2.70 
: 
Back fet (on) 3.75 6.75: 6.26: 7.50 4.40: 


* Percent of live weight. 
** Chinese foot © 1/3 meter. 
Date lost in evacuation of Nanking 


Table 10, ‘Average dressing percentage (based on warm carcass weight) of various Table 12. Summary of date on thickness of back fet and skin, taken at the top of 
groups of bogs. the shoulder. 


3 3 
of pigs: No. of pigs : Dressing percent apd sta error Group 
3 3 
Haapebire 3 lz 72.7 1.06 Modern 3 4.47 2 0.21 0.20 + 0.008 
3 
Berkshire ? 76.8 2 0.25 Modern x native 5.70 0.14 3 0.28 + 0.011 
3 
Native (Chiangpei) 42 : 75.3 + 0.43 Mative 5.85 + 0.26 0.353 0.021 
Mative ‘Chinhua) * 6 72.1 + 0.58 
: Difference between: : 
Eampsbire x native pty 76.9 0.51 : 
Modern end erossbred : 1.23 0.26 : 0.08 = 0.012 
Berkshire x native 20 75.1 0.76 3 
3 Native and crossbred (not sig.)* 0.05 + 0.024 
Chester White x native 4 : 77.1 2 0.19 
Modern and petive 1.36( signif: )*: 0.13 0,021 
Yorkshire x native i 3 72.5 z 0.60 
3 3 * Actual standard error calculeted but now unavailable owire to loss of records. 
Duroc Jersey x native 3 72.12 


Table 15. Comparison of development of heart, liver and srall end large intestines ip 


* Butchered et lighter weights than other groups. modern, North-China native end crossbred pigs. 


Table 11, Summary of deta on caul and kidney fet in carcasses from various averere lenrth ane stancerd error 
2: 


Average weight end stenderd 
of pig Heart intestine: Large intesti 


Group. Wodern : 0.49 2 6.08 : 2.86 2 : 61.3 2 1.44 15.2 0.46 
Modern breeds 3 5.06 + 0.20 : 3.71 2 0.27 yodern x native 8220.01: 2.6220.06: 54.921.45: 2 0.15 
Modern x native 4.66 + 0.09 5.182 0.12 Native 4620.01: 1.922007: 45.220.50: 15.32 6.40 
Dative (Chiangpei) * 7,01 + 0.42 8.63 0.446 : 
Difference between: hodern and crossbred: 0.03.2 0.22 : 0.27 2 0.14: 
Fy : : 
Modern end crossbred 1.60 0.22 1.47 20.29 yogern end native : .032 0,02: 0.15%: 
Netive and crossbred 2.35 0.42 3.45 2 0.46 crossbred and _pative: .06 2 6.02": 2 0,09": 
Modern and native £0.45 Significant difiercnces 
Those diffar ness were not siguificuat <4 3 A 
3 #828 g 
Yeble 14. Performance of \sichiang end Yungcheng native pigs, and crosses withModarn breeds. Five pigs per 8 x * 
3 ebire shire :Yorkehire:Yorkehire: or te:Poland 
compared _: native : pative Nei ch 
Initial weight® : 33.4 : 30.3: 29.5: 37.2: 30.6 : 360 : 28.6 Sled 3 S38 F 
: : : : : 
: : : : a 
Final weight 163.6 : 167.1: 1861.5: 163.2: 163.1 : 160.6 182.2 «162.3 
Avge. Geily gein : 0.67 : 0.59: 0.62: 0.78: 0.95 : 0.72 : 0.66 0.68 
Feed per 100 cat-: 487.0 : 524.5: 448.8: 420.2: 458.4 : 478.2 ¢ 449.6 : 425.2 6 
Length of bris- : 5.24: 3.06: 3.38: 2.62: 4.61: 2,85: 3.03: 3.40 
tles (en) * =: 3 3 
Mo. sleughtered : 5 3 3: 4: 5 3 5 5 5 
Dressing percent : 65.9 61.8 64.3: 67.6: 73.2 : 64.8 ¢ 64.8 3 65.2 i 
Length small in- : 62.0 64.5: 635.9 60.4: 59.4 : 3.5 65.5 66.7 2 
Caul fet(percent): 2.46 1.96: 1.01; 2,05: 2.08: 2.16% 1.76 1.47 
Kidney fet(per- : 2.96: 2.42; 2.08: 2.99: 2.762 2.103 1.98 j 
cont) 3 : 3 3 3 4 
* In catties. Catty = 1/2 kilo, or about 1.1 pound. 3 
In cattios ty = 33 q 


Bristles over withers. 
4 In Chinese fect. Foot © 1/3 meter 


Table 9. Performance of native and modern x native crossbreds. Pige were weaned at 10 and op feed at 
Polenc China x pative #6.) 0.60 
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Summary and Conclusions 


Chinese swine are divided roughly in- 
to two main groups, the North- and 
South-China types. Much variation ex- 
ists in both types and the South-China 
type may be divided into a number of 
sub-types. The types and subtypes are 
described insofar as available informa- 
tion will permit. 

Available data on the performance of 
the Chinese hogs and of modern pure- 
bred and modern & Chinese crossbreds 
are summarized. These data are limited 
and conclusions must be tentative, but 


they indicate the following : 

1. Chinese native hogs become sexually ma- 
ture at an earlier age than modern American 
and English hogs. 

2. The North-China sows appear to be more 
prolific than most of the South-China sows 
and modern sows. 

3. The Chinese native sows appear. to be 
somewhat better mothers, as judged by the 
percentage of pigs weaned. 

4. Sows of the North-China type wean a 
greater total weight per litter than modern 
sows, owing to larger initial litter size, and 
better survival. 

5. Individually, modern and modern X _na- 
tive crossbreds gain much more rapidly than 
native pigs, during both the nursing and fat- 
tening periods, and reach a larger mature size. 

6. Data on efficiency of feed utilization give 
some indication that native animals tend to be 
less efficient than the modern and modern < 
native crossbreds, but in some trials no differ- 
ence was apparent. 

7. Native Chinese hogs, especially those of 
North China, tend to store up more internal 
fat during the fattening period than modern 
and modern X native crossbreds. At com- 
parable weights the North-China native hogs 
also had a thicker layer of back fat than the 
modern breeds while crossbreds were inter- 
-mediate. Direct comparisons were not made 
between modern and South-China native types, 
but crossbreds exceeded the native pigs in 
thickness of back fat in some cases. 

8. Chinese swine usually produce stiffer, 
longer bristles than the modern breeds. 

9. The environment under which the Chi- 
nese hog is born and raised is less favorable 
than that usually provided in the United 
States. Information is not yet sufficiently com- 
plete to indicate how well modern and modern 
x native pigs can compete with native pigs 
under Chinese farm conditions. 
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Material for Demonstrating 
Salivary Gland Chromosomes 


Interrelated demonstration material — microscopic slides, chromo- 
some maps, lantern slides and literature — make giant chromosomes 


available for classroom use. 
MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 


Slide of Normal Salivary Chromosomes of D. melanogaster, each 
Three Slides 
Slide with drawing identifying all chromosomes in two figures (Female)... 
Slide showing Y-chromosome (Male) 
Slide showing synapsis of normal and inverted X-chromosome (loop) 
Slide showing figure of an autosomal inversion ons 
Slide showing synapsis of translocated and normal chromosomes 
Slide showing a small deficiency (deletion) 
Salivary chromosomes of D. rvirilis 
Three Slides 


saan’ Somatic (ganglion) chromosomes of D. mel Le 
Magnification of at least 1000 X necessary to view # aatisfactorty.) 


1 Slide a each of above (9 slides—6 drawings) 


* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 
SALIVARY GLAND CHROMOSOME MAPS 


Painter’s cytogenetic map of the salivary chromosomes, 914 by 18 inches, line-cut 
showing major chromosome details and the genes approximately located to end 
of 1934, mailed unfolded 

Bridges’ reference map of the banding of the salivary chromosomes, 94 by 25 inches, 
halftone on heavy coated paper, unfolde 

Bridges’ Revised Map of the X-Chromosome—94” x 18”, unfolded 

Folded copies of Bridges’ map, on lighter paper 

Hughes’ map of Salivary Chromosomes of Drosophila Virilis. (9% by 18) 

Dobzhansky’s map of Salivary Chromosomes of Drosophila Azteca (9% by 18) _ 

1 copy each of Painter’s Hughes’ Dobzhansky’s, and Bridges’ two maps (5 maps in all) 3.00 


LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 


$21-323. Salivary chromosomes in the Nucleus 
25-464. “Portrait” of a Salivary Gland Chr 
25-466. Giant Chromosomes Compared with “Normal”, —— relative sizes - 
25-469. Synapsis of Normal and Inverted Chromosomes _. 
25-470. Synapsis of Normal and Deleted Chromosomes _. 
25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert) 
26-62. Salivary Chromosomes and Gonial Chromosomes Compared 

26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal 
26-178. The Entire Salivary Gland Showing Nuclei (Sciara) 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) 
26-182. Structure of Salivary Gland Chromosomes 
27-206. Three Deficiencies of the X-Chr 

27-305. Map of Salivary Gland Chromosomes of D. Virilis 
29-12. Bridges’ Revised Map of the S. G. X-Chr 

Set of 15 Lantern Slides 
Any twelve of above lantern slides 


t Volume and page number of illustration in the JouRNAL OF HEREDITY. 
ILLUSTRATED LITERATURE 
“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
JournaL oF Herepity, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages 


AMERICAN GENETIC ASSOCIATION 
1108 16th St., N. W. Washington, D. C.. 


25.00 

2B 

>. 
i 9.50 


MICE 


FOR RESEARCH IN EXPERIMENTAL BIOLOGY AND MEDICINE 


URING the past few years this Laboratory has completed the establishment of a number 
of inbred and hence genetically homogeneous strains of mice which have proven extremely 
valuable for research in experimental medicine and biology. The inbreeding is carried 

on through repeated brother times sister matings. The essential consequence of the inbreeding 
is that the individuals within a strain become increasingly uniform in their heredity and after 
twenty generations may be regarded for all practical purposes as genetically identical. The use 
of such material largely eliminates a common source of difficulty in biological investigations, 
namely, the inherent variability of the organisms ordinarily available. The uniformity of inbred 
strains is illustrated by the fact that tumors originating in such a strain, when transplanted, 
will grow in 100% of the individuals of that strain, but will grow irregularly if at all in other 
strains, 

Careful checks are maintained on the homogeneity of the strains carried by this Laboratory. 
Sublines tend to develop within an inbred strain due to the accumulation of minor mutations. 
These are detected and where advisable eliminated through the use of appropriate tests and 
_breeding methods. 

The Laboratory will welcome inquiries from scientific laboratories and hospitals concerning 
the inbred stock available or with regard to the possibility of providing stocks and types suitable 
for special experimental problems. 


Supply Department 
ROSCOE B. JACKSON MEMORIAL LABORATORY 
Bar Harbor Maine 


FEEDS for Your “Lab” Animals 


DEPENDABLE (| feeds are important in FOR RABBITS 


the laboratory where tests of various kinds are — Globe Rabbit Glob-ets to be 


supplemented with hay. 
being made on small animals. Globe Rabbit with Alfalfa, meal 
* form—complete. 
Dickinson, producer of the well known Globe Globe Rabbit with Alfalfa, pel- 
Feeds, is one of the oldest and most reliable let form—complete. 


feed houses from which to buy your “Lab” 


< FOR RATS AND MICE 
animal feed. 


Dickinson’s Dog Food—Nugget 


Globe F eeds supply complete rations. They 
are dry ... easily stored .. . take up little space 
. .. and involve little waste. They hold the same FOR GUINEA PIGS 
high standard of quality from year to year. Globe Rabbit Glob-ets to be 


GENEROUS SAMPLES FREE 


5 Globe Rabbit with Alfalfa, pel- 
To supervisors of experimental animals, we will senda complete. 


free ple, large ugh to make an adequate test. Just Supplement with Vitamin C car- 
tell us the kind and quantity of food desired. rier three times a week. 


THE ALBERT DICKINSON COMPANY 
2714 WEST 35TH STREET CHICAGO 90, ILLINOIS 


